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1 f , t ’ v i i  11 it ’. 0! 1 ‘ i, .i’,’~~ t ‘ X  l I m i t  t ’~~is  ( M I  h i d  ( 4 )  5 , I S  v,’r it  t e d  I.’.’ ~Ii~ ll lf ’ t he

.‘X.I . t t ’ X p I  i ’ ’. ’i I OtIS (h 1 ni,! ( .‘) . , : : m ; ’ ’ i t  i I u. g.iiri in t he  d i n , ,  t I ii i ’ . c u i  m i n ima

i .  .i a nn ,  i ,‘t i  u t  I. ‘ , — . t o ’  ‘ ‘l en t ’’ I is . s .  it  ‘ ‘ h  I or c i n  u t i . i  r pt la r ,‘ . i l  ion .

.1 1.. it . . 1 1  oIl m, ,. . • ‘ ,,t,I, en t 1n. ’ p.i m t i t  t t l . i t  c m ’ .. ‘‘
,, — a , N ‘ , a :ud liii ’ t I ‘ i i i

l It  t ’ ’t , ii ‘1 . ~~~~~~~ . 1 0  t f ~,’ l i s t : t~~ 
‘ .~~~~ :~~‘ I s m  t i m  t h i .’  ,i . x i ‘ if • ex ;’~~. ‘ . s i u  a

1 ’ ) ) . Iii.’ . , . n  i’ . . III , ‘— ‘ m i  h is ~~_ t  h tn  .1 I ’ s  t i ’ n . ( . ’ i’. c ’ I a dli , 1 ’ . 1 1 1 1 1 .  i t iv. ‘‘I

r I m .  . t .  . c i  .1, ‘. . ‘ t t a’ .~~ , , ‘ . s. . ’ m . .  1 u .‘; t iniuct p. m I nt.’ I c i  m~ . . 1 . ’ m i n t i mum d i n  c c  iv .

i . .  ‘ n ’ ’ .’ I t c ’ V i i .  ‘• l . ’s. l’, i~~hi t i  . ill . ‘~ t n~’ i n  . ‘ i f s t i’ ,t  i i i  n ’ . f u i c  t i c ’ n i~

i l  I a t .~ ‘.1 .‘ , ~~1I Il ‘L i t  l it ’ n ’ ’ du t i n ,  ‘ ‘I ‘ ‘
‘‘ i N ’ i’~i ‘ a n !  ,,‘ n .i.I’..i ’ t . I g , t’  4 ’ !  . i~~’ C i  —

I Ui .. ‘ ‘‘ ‘ ‘ ;~ .. t : . . t . . .~~ ‘ ‘ I I m— nuirr . 1 ‘ . ‘ ‘.tt. i i i i t  tm’ ,, ‘iii,l il l •‘ a ifi V ., n iii I ‘‘a 5 1  t h in .t

i’. 1 1 . ~~~ . .  n . m • ,. , . m . . t . ’, u t e c h  1 ’ . .. ‘ VS ‘I / ‘ CIII  \‘ .‘ . I F 1 g . I.

A ,f i ’ , t  mgt ’ o ; ’ . .i’ .. I m i i i ’ , ’, Is (0,. h i ’ ; ’ t ’ m i ~~~m a .’ t ’ t ‘ , , i ’ m ; c ’ i l it  t a g  d i n , , —

I i , ’n u n ’ .. I • pi . t t r . ‘ . • r ii c iii . I’. .  , .i f ’ .~ c ‘ I I , I is .‘ I i ‘ I , I ‘ u. ~ nil fi I ito

di I ‘‘ .‘I I v t  .;a 11 ‘1 a g 1 ‘.‘ .‘ii p a . .  .i r IV 1 . 1 , . I ‘ . . m n t  t ‘ a V i  i a  g I v . a  Ii’. (1 5)

is  I ‘ ,. ‘ , ‘;‘ • : II I a, n ’  ,. ,‘ f l c  ‘. t ’ . ’,’ .~ n m e l  I r eIn t i c  ~~~~~~~~~~~~ ‘ n • ,u o : m,  V .  hi .  e t  • c t  .‘!

I dl ‘~ III r-,u iiff ,~ I n ’  . I tv, .,a iii 1 5 iii . t I i i . . ‘ I Tt  I . ., 5’t~. Ii ’  ‘ ~ 1 5

i i  i .  .i I lii, I I i ’l l 1 IP — it  u ‘ ‘a ’  ‘ m a — I c i t  Ii .t ’ . . t ;ua : . i r m ’ . 1 C r ,

f ’e.r.. . m t n .  i . ,‘ ‘ . t n . m .  I . n ‘ .1 i is  m t ’ ’ ’ ,.’ , I . ‘ ‘ . . ‘‘ ,, — , N ( 7 ana l  a Is ,  I t ’  i N 12

A ’. f’ .i:t hs’ Ij ’  hi lii, n .  is , ’ ’ . • t , t ii an~h I ii. . ; n m m., i’m. .c p i’ T ’. i i .  SI,’,’ ,t. c n c i ’ —. ’ . The

1. 1 o p t  Imurri j ’ .i O f . ! • i s  o f  . m ; : . i ” i ’  ~t i t  t m ’.’ t ’i ‘ .j .  t i ’  ii’ d h’ .i~: . fs  l i t  ii m4’mv I’.
, f f , .,’mf ~~~~o

t , C :

0 ‘ — 1
1/ ’  ‘ “ ( I  - i , . 1 i i  - 0 . I N “ t I : )  U ” )

11/. ~ (1 - 1 . 3  N ~ I ) ( 1  - (
~ . 1 5  N . ‘ . ! f t  ( 1 ; )

i) . ’ N  
( 1  - 0. ’ N 1’ ’ ) I 1 — 0. • ‘S  N .‘ t /1)  ( 1

I / I I c t h e  t r  ‘ ‘ ‘ m u  t ’ .m,i~IwI It h. Sin • ‘  I t . . ‘it ray dl .i~~~’ i c r  Is ~‘r ,‘;‘ c ’~~ 
—

I . ‘mm i~ t .  N • nh.  pn I:;, I N ‘. t i  is . m l  l.’ ,b t i . ’ h.inc!s’I,It ! id  . u m n . ’ f  ‘ ! p1 t ’c b i i ,

II
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I’e ni ~‘r’muia ~ ‘ ‘- I ie ’,t N ~ N

Tim,’ opt  imum p.m ratIo i e rs ci I he hit ’ p PCi1 beam l ’htast ’ t l  u i t t  uiv h ay .’ hit’ eli dt’ r I ted

(o r  ci . i r r .mv s’ h i u ’”.’ number of e lements N is equa l I c c  t he  number i t  hit q’~ ’e ci

b ’ . .m n nt~. N . ‘n t  t lie ; ‘ n  em. in  t I Isc us is i cii i  • t im  is ~~~~~ i t  It ’ i r r .iv (1 . t ’  . , N ‘-N I

si 11 hi’ t a  led t h e  r e t  e r.’ t i c  0 .i r r.i V . T ime i ’ l l . ’  u t  c u t  N t i t i  S hee~ l i i ’.’ .’ st I gui t t’d

u s i ng  I t t , ’  t ’ x . i t ’ t  I. ’ n t n u i l a t  lor is (E q s .  5 , h , and 7 ) ,  .ini ,! Itit ’ r es u l t s  . in i ’  ~‘ n i ’ se n te d

tnt Fi g . 5 .t’. .i 1 i 1 : l . t i , ’n i ,iI Ih c i ’  r a t i o  r N 1 1  S
l iFA~ ~‘ ? i 1 c t c  in, (tic r . m t 1 ~~’ ‘ 1  the

number c i t  c le’mi’Iit .i 1~~’ n ig  . t  d i.ig,’ni..l c i i  tN .  ;‘bni ’...! ii lair t o  t I , ,  number c ’t beams

.il ‘ : m ~ : .i 1 i.ig’ ’ n t . u i  c i  I : .  beam ,irr .iv , Ihu ’ mi n Imu m h i  (Cc t iv i ’ ga i n is  s t i c ’Wli

ni, ’nn.i ii.r ,’ ,i t o  INc gU l l  u’ t  t h e  n e t i ’ r & ’ n ~,.’ ,t r n ; t v  (t’ — l) .m ’ . gIvi’ :i  hr ( i N) .  it i s

~‘b’ .~’ i’.’.’ ,l t bn . i t  ui t o t .  m u g  r ‘, ‘ ‘ , c ’fl d unit v 1 1 1 ( 5  not u. . . ld  .1:1 ap; ’ro ’t i . mh i l i ’  m i l d  ri n ist ’

For i:i’.t .mn, ,’ . t h u . ’  minimum d i ti’ , t  l v .  g . iir i  o t .i 11 t” ,ii , ‘ l .  i’m. n it

. t n r , i v  i’ . . ’ ’. n . l ’ . 11 , 5 ~~ g n i ’ .it i ’ r t t c . i : i  t b i . i t  .‘ t  .i 3 1 — f u . a m ’rm , U ,  i , T t’ i ,  ~t t  . 4 1 1 . 0 4 .

S h u t  1.irl’.’ , r—..iu., tng t h e  number u t  ,‘l.’nii’iit. s ‘.tuntni ’~ ’ b i , t t  sma l l it  thi . i t ~ i ha number oh

beams c ’n i i v  u’ . i , i c i ’ ’ . i ‘ “m m l i  re duu’t (‘ ‘a ‘i ( ,i,,~
. i”,u n .‘x .inu p ii’ , s l i m ,  tt i i• 37—beam

. i r r , m v , t a c  ninimnit i  d i n  i t t  i .~t , Z . m : : ; .i t , i i ’  t’t’ c h s i t  hi i’~ i’ i,’ ut~~ it I  s Is ‘in ’.’ 1. 2 dB

le s s  t I t an; ‘— ‘,t. tn 3 .’ .‘ Iennni’nt is . ‘Iii. ’ d l . i n u i ’ t . ’ r  c ’b I i  ,‘ ietni’nt ‘I ( h i .  ‘p t  lniil’m

~ it .useui at  r ,t v I is ml so st sit’ itt F i 4m~ . S , 5 t u ~~’ i t ’  it Is  n i t  r i m 11 cd t . I ii’ dl .‘m~~’ (or

01 lb.’ • ‘ l , r ~ ’ :~ t s  . I t biu’ l i ’ t e r e n c ’e ,~~~i i i ’ , as given H’ ( lh ).
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,‘lement Spat ’ Ing ‘ h .m ;‘h.asi’ ,t a r ray
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I M’~ M I t  N’. AN IF NNA

In th i  ,o a t  i g u t r a l  k c ’ll , .1 1 (‘i’d i t  m a r  which  is  an 1~~ig. ’ o f  t im. ’  beam a r ray

is ~ c a t  ,‘ .‘~~( a t  I, t ic  I o c u t s  ,‘t a lens .issuimt’ d r i t  it ’ , ’ t i uuu i  I t ’ n , s , ‘flie c l i  ;m mt ’ter , ci ,

ol t h e  ( i , ~~ j . m i n  mv i ’ It’ :ti i t .  I,t c i ’di it u n u t s )  L i’. t’c;ti.i i i. h u t ’ spat  lag .  i t te  aper tu res

~~~ ~~~ m n  r i ’ .  .in .‘ 1’ ’ . . i t . ’d ni .i m . l u i i i’ r m d  .m l s t i r  I,It e c e a t  .‘r’ i’d on tlmt’ h u m .  . ix is and

t ’ n a l u m ’ . i’qu .m 1 i,. i, I u uu ’ .il lm ’ n g t h m .  S in ,  ,‘ t t a  ~m n i g c i 1 . m n’ s~ u um, lag c i  t ii.’ f i ’ t ’ c ! ~
,

1 is i ’ ;  n . m 1 1 . it ’ but . .iiti m. ~ .i . i ~~ m . , t, hi. ’ ii 1 ,m!n’.,’ t . 1  4, ) C. h i , ’  t’e,’ , t t u .  ‘i’ S’. is

— a. 
(19)

s’t~~’n . ’ F i m .  I t m. ’ Io.’ .il 1. t ’ ; ig t ’ , . i ni ~! ‘i in. i ’ x p n . ’ s s . ’ c h  in r i d  i .mns .

T hu , g.i ini I urn I ion o n I t’..’ le n n .—mmmnn i t  i t  eed cont I gc ir . i I  l c ’ a  .in H’ expressed

b’ ’. the  .m ;’pT t ’xin. It e i t ~~ r i

~ r ( ‘  (1- t ( ~~ II ii 1’ 2 I
i 

(it ~ s in. ~~ / l i s ia l  , 

~ ~
2 (2 ( 1)

w here u — 0. N2 — 1) ’’ I ‘ . mt t ~i . I t ic , ’  ..r ’ .g ii’ n , ’ i . i t  i .e  i a t he he ir, , mxi . ’, • The

~ n~~~t s . . t n . ’ n . m .  k i t  In ( 0 )  i ’ x p n . ’ ’ .’.e’ . t he loss  Iii,’ t o  s ; ’ n l i c ’ v i ’ t  and 10 n c ’ S—

nfl I I, ’ rr i;’. ( n i l  re I I nil n.m I I ,‘n’. . ‘li is .‘ x;’ n i ’ ’ . n. Ion s’.m is oh t a i nod . ‘ ‘tisi der I ng the

d i r e c t  ire g.m in c~~ t ,‘ .me lm I i ’.’ .t I t ’  b .  .‘ ‘ ;u i. I  I I c ’ I tie .i ;’ ,‘ i : m n r  .‘ g u n  oh : he unit ce l l

c l  t o ’  t e e d  ii r i ’ .’ (I I, ,’  n n ’ .  t t  “11 1’~ mit  b u t ’ x . i g on oh ,m r e a  eq ua l I t i  1 . 1 0 ’ -  ( 1 / .’ ) )

For t~ ’.’I’. at : mr. ’ .~ r mu. . ’ ’ ranc h ; l , m t g , ’ n  titan “ • suc h as I’, the ,au ’ .(’ l e t  F/f) “ - I .
unit . i ’ ll ;‘ .‘r I ‘u r,. t’ . i.  4’. ‘ — i ’ ,’ hue u hi  i,’v , ’ ’f  t tu r c u i t R i i  end f i r e  g.m i n  as ,‘(‘t .mined , f o r

examp Ic , h’. p 1 .m e 1 ig a d i e  l,’t ’ t  r l u  rod In c . . m. Ii t ic ’ rat .. p et  I c c i i ’  • ‘ L u .  1.4 s t  i u r u i c k . ’

m n (2u i s : . ’ ,. ’ .tnu’nn.’m r a d h . i t  Io n p u t  t . ’rn s ’N i~ ’ h I s  . m l u ’, n u ’ x l n u . m t . u l  b’ . t ’ ’ . it  of t ime

uinl f o r i l  ‘.‘ i i  l m n m i n a t e d  .mp , •n t a r e .  The error  t ’ ,iii n.m’ ut hr n h i s  . i; ’p tc ux f r u . i i t Ion w i l l

he ‘on’ tq ldem’ ed l i te r  on. i t  ~ht ’u1cl he noted  n h i t  (,‘fl ) c lo~~ not a c t  c ’il flt for

he . i d v e rse el c . :  o h f eed  0 1 c o t  ; al l  beams are assume d Id ent i t . i l

The d i r , ’ t lv . ’  g u n  In t he  d i r e  l I o n s  01 mlniria l~ o h t . u i n e d  w i t h  . I’
c

in ( .~0) v i e l d l n u . g ,  . . I n er “u ibs i  i t u i t  l .ui i  0? (. ,. )

13 

_ _ _ _ _ _ _ _ _  

1~ 

~~~~ —-— ~~~~ — — — —~~~~——, — .~~ ‘
.
‘ - “ -“.~~~~~~~~~~~ ‘ i

-- - ——-—- ~~~~~~~~ ~,_ 
~~~~~~~~~~~~ ~~~~~~~~~~~ i~t, ~ ,_. 

- —- .—..“ 
-‘-——“ —- ~__, _:-‘

~~~~~

_,_.__- —‘-



-_ _.‘ . .~~~- - .~~~~ - ... ~~~. ‘ - ~~~~.-- ,-—.- - . . - ‘ —- . -~~~
—-‘.--- --

~~ 
.-

~~~—~~~~~~~~
-__ ---- -- -- .‘-

( (  ~i ) 0 , Ii)) — 1 1 ’ 
~~ u / t d  ( 2 1 )

c i t  • ‘ F t i c )  — ( 1— ( t o  I ) U ‘
~~ 

( u t / m a ) ( 22  I

ii — Os i n n  / I’ 1) ’ ’ ) ‘ ., ( i’. — I I) (.
, 

3 )
I ‘ . t

a , 
‘i t  0 ,’’ 1.  1 .‘ t  t In, F

~, d , 
~~

‘ , r~ m \ I n u m u l r  vui~~~.. c t  I ( u i ) , ,‘ l’t  ,m i n ;,’,!

,— l t iu ta — u u ~~ , ‘ i f .  r e s m i i l n .

“ I’ . ~~ “~ - 1 ) ’ ‘n , ,
’ 

~~~~~~~ ( .  “)

1’!’ u ’, — 1) m u ,, ‘ ( . ‘‘ (2 5 )

‘I.i’.. t n , g  ‘ 
~ t i )  — ii , ( m i n t  — I I .‘ I I  : ‘ i l )  . 1 , ( m i ) — ( I  ‘,‘ n e l d s  un ~ , .‘ . 2 . u t u. , h ?~ , ‘u () 1i ~

,,‘ ,i ‘ C’ t u l  u . ‘.‘ 01 .‘ . ,‘ , mu i r  u . . ,  ,, ‘ is w. m is j I I i c !  1’ ’.’ u . ‘mm; u r In,’ ( . ( u i )  vs . I) I

I n  ‘r (2 1 )  I t , n . ‘‘ ‘ I t ’ . b u m  , m ’ . n ’ .’ ,I ‘ in .  j u t  . in I  ‘ m c  rut m l . ’  u’mpit l  t n  ‘‘ ‘. ‘ ‘ 1 c i t  I lu. I t ’~~’ , —

ma l t i t . ’ , . 1. . m ’,it ‘‘ t m ;  c t .e c ’r.p .tr n’ . s i’ . r_ t , h , ’  I ‘i 4 ’  — t ’’ ’ .u nm m l i ’ n c s  .ini ennui

I / Ii I I tit’ is t ,‘ ;;.‘ui C , ’  
~
‘ i ‘ ‘. I d c  a . ‘‘‘.0 m ‘ . . w i t  I — a l~’i h ~ ~~~~~

m~’,t , ’ I • II;.’ d l i,’ . I iv.’  go In s’... c ‘mum ;’ iin . . t  10 1 n tn in in~ m lu ’ , .i l  i t  c i t  C ? , ’  , i t ,  1,’ c ’t

,‘v e n  . igc ~ 1’ .‘ , .u i i’~~’ m i l l  ? n  tip s 51 ~g ’it lv  w i t  b~ t i’ i ’ m i l l  5(’I t h o se . i n i ’  .ih s c u l u i n  e

m L n t i m ~.m . INi ’ r . ’ ’ t i u l : is , ;‘r . “o’ n i t , ’ ut  in  Fig .  ~~~. sli t. II,. mg I ‘ nun . nu t It ) I . ’ g d  b r

‘L ) / ’ A 1.5 , c; . ;‘ 1 1 min imum ‘.‘ .m l ’ R’ I. , , . , : u/ 2 . ’)  . t t ue ‘min i iug m a ,  t i  .u ‘. I ag i v ~~ d ’ u ’ 1~~’ r .is

0/ ”  in, i i ’ a . .‘ ‘ . b’ev i i i i c l  1 1 . 1’ .  m I m i , ’ , a I t i c  i . 0 . 1  ng di I I i ~‘itc .‘ i s  t t i .  n .  ‘oi l t i.

fl~~,’i,’ c t l u g  I . . .‘ 1 t o u t s  ~‘ I  amp i I Lu , ! . ’  t m ; ’ .  I c d ii i t  . I mci l.~ t I t’ nt  p i t  1 . 1 ’ . .  S I n, a ’ the

.i pe r t ‘ m l , ’ m i t t  n ‘ .i ‘.. ‘ ‘. ;‘ r c u p t ’ r i ci ;  i i  1 1 r 1 o t ‘ c i  I .‘n is ut i .ini, i . n I F q . (I ‘I) wI t ii

F/~~~l) , tb. t a ’  i . u l s t ’  t n t ,  r e i n . . ’ ’ , t h us  c . I u i i s i’ f i f. .i ; ‘ r ’ ’ ,’ r u ’ ’ .n. ivi’ l’,’ Ian~, i d i i t  t t ’ rence

w i t 1 , I1 , “ , Tb .’ .i,’ j ~~, f . ’ ; i u  i, ’ ’. u t  • ‘ u ,  .m~’;’t .‘x i mr i. i t  ,‘ lnu. i t? u ,  m’ m l  I c ’OI mc cli I rn.m ,’ i’. remove’ d

liv u i’ . u t g  b r  i i  t a . , in ( 2 . 1  m u d  ( ,i5 )  , vui lu,’c t i - I’. , . ?  I i ’ m  C li, , ‘mnipi i t i ’n ITk del.  

;.I1 cue s a n . ’ ii — 2 . • and F — ‘ u , . ~~, v i i ’  I d I n g

‘~~ r i , 5 7  N ( 1.0- 3 s ,
I

) ,  ~~ ( ‘h)

‘ - - -—- - ‘ - - - -— , .——‘-i— .~~~~~~
-
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and u .
~ I1\ ~ ~, at ’ N( 1-0. hN 1’ ~~~~ ( 2 7 )

Ihu i ’  el  cn’neflt sp . uu  I rig ,‘lut .i m e d  t’ ron ( 1 9 )  , (“ 5 )  and (4)  Is

1/ • ~ 1. 32 F / I c  (. 5)

Iii,! I,,’ c , ’l’ r’i’ m . ; ’,’l ic ! lag o pt  m u m  n at  ic c 0! t ut’ .itit spac ing I t i  hi.i l b  — p c ’ W t ’ r  b’ i’ .uin~~’ l c h I I; in ,

dedu, . t ’ ,t C c ’ 1’ .’ ‘ ‘ ‘ ‘ ‘h~~~ 
1. 1 w I  n~ ’ hm lii t u r n  c o r n  e s i u d ’l icI m. t ti  .1 b u , ’ uimn . no’ .’. t c v c t  1,’vi’l

— .. . S IS. 11,  g.t I It V.1 i- I i i  1 ‘n , ‘ t~ , w I hit in .i ci  11 c ’  1 0 Vi’ r.ig(’ .itid I hi. V. u I ut ’ i c I
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